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PDUJDUHWOXFDV#JODVJRZDFXN
$EVWUDFW²3UHYLRXV UHVHDUFK E\ WKH DXWKRUV KDV
GHPRQVWUDWHG WKHHIILFDF\RIDQXOWUDVRQLFERQHELRSV\GHYLFH
WKDW RSHUDWHV LQ D ORQJLWXGLQDO / PRGH 8OWUDVRQLF
ORQJLWXGLQDOWRUVLRQDO /7 FRXSOHG YLEUDWLRQ KDV SURYHQ
VXFFHVVIXO LQ VHYHUDODSSOLFDWLRQV LQFOXGLQJXOWUDVRQLFVXUJLFDO
GHYLFHV,QWKLVZRUNDQ/PRGHXOWUDVRQLFERQHELRSV\GHYLFH
ZDV JHRPHWULFDOO\ PRGLILHG E\ LQWURGXFLQJ KHOLFDO VOLWV WR
GHJHQHUDWH WKH ORQJLWXGLQDO YLEUDWLRQ LQWR D FRPSRVLWH /7
PRWLRQ7KHSHUIRUPDQFHRIWKH/7ELRSV\QHHGOHGHYLFHZDV
WKHQFRPSDUHGZLWK WKH/PRGHQHHGOH GHYLFH EDVHGRQ WKHLU
DELOLW\WRSHQHWUDWHDQLPDOERQHVDPSOHV)LQLWHHOHPHQWDQDO\VLV
ZDVXVHGWRGHVLJQWKH/7QHHGOH7KHGHSWKDQGSLWFKRIWKH
KHOLFDOVOLWVZHUHV\VWHPDWLFDOO\PRGLILHGLQWKH)($PRGHOZLWK
WKH DLP RI PD[LPL]LQJ WKH DFKLHYDEOH WRUVLRQDO GLVSODFHPHQW
ZKLOH HQVXULQJ VXIILFLHQW IUHTXHQF\ VSDFLQJ EHWZHHQ WKH /7
PRGHDQGWKHQHLJKERULQJIOH[XUDOPRGHV([SHULPHQWDOPRGDO
DQDO\VLV(0$RIWKHIDEULFDWHGXOWUDVRQLFGHYLFHZDVXVHGWR
LGHQWLI\ WKH PRGDO SDUDPHWHUV DQG YDOLGDWH WKH )($ PRGHO
&RPSDUDWLYH SHQHWUDWLRQ WHVWV VKRZHG WKDW WR DFKLHYH
SHQHWUDWLRQZLWKWKH/PRGHGHYLFHWKHRSHUDWRUZDVUHTXLUHG
WRDSSO\DVORZEDFNZDUGDQGIRUZDUGURWDWLRQDVZHOODVWKH
VPDOO IRUZDUG IRUFH WRPDLQWDLQD IRUZDUGPRWLRQDQGDYRLG
LPSULQWLQJ RI WKH QHHGOH WLS 7KH UHVXOWLQJ KROH ZDV VOLJKWO\
FRQLFDOZLWKVRPHPLFURGDPDJHRQWKHKROHVXUIDFH7KH/7
PRGHGHYLFH KRZHYHU FRXOGSHQHWUDWH WKH VDPH DQLPDO ERQH
VDPSOHRQO\DSSO\LQJDVPDOOIRUZDUGIRUFHKHQFHVLPSOLI\LQJ
WKH SURFHGXUH LQFUHDVLQJ SUHFLVLRQ DQG UHVXOWLQJ LQ D
F\OLQGULFDOOHVVGDPDJHGKROHVXUIDFH
.H\ZRUGV² 8OWUDVRQLF 1HHGOH $[LDO7RUVLRQDO 9LEUDWLRQ
(0$%RQH%LRSV\
, ,1752'8&7,21
$ERQHELRSV\LVDQLQWUXVLYHPHGLFDOSURFHGXUHXVHGWR
GLDJQRVHDQDEQRUPDOLW\ZLWKLQWKHERG\$VPDOOVDPSOHRI
ERQHLVH[WUDFWHGDQGH[DPLQHGXVLQJPLFURVFRS\WRLGHQWLI\
D ERQH GLVRUGHU RU HVWDEOLVK WKH FDXVH RI GLVFRPIRUW
*HQHUDOO\SDWLHQWVUHSRUWPRGHUDWHWRVHYHUHSDLQOHYHOVIRU
XS WR WKUHH WR IRXU GD\V DIWHU D ERQH ELRSV\ SURFHGXUH LV
FRPSOHWHG >@ >@ )RU WKLV SURFHGXUH WKHFOLQLFLDQXVXDOO\
XVHV D WUHSKLQH QHHGOH DQG DSSOLHV D ODUJH IRUZDUG IRUFH
PHDVXUHG WR EH XS WR  1 GHSHQGLQJ RQ WKH ERQH
ORFDWLRQ$GGLWLRQDOO\ODWHUDODQGWZLVWLQJPRYHPHQWVRIWKH
QHHGOHDUHUHTXLUHGWRSHQHWUDWHWKHRXWHUVKHOORIWKHERQHWR
UHWULHYHWKHVDPSOH&OLQLFDOVWXGLHVKDYHDOVRIRXQGWKDWWKH
H[SHULHQFHRIWKHFOLQLFLDQVLJQLILFDQWO\DIIHFWVWKHSDLQOHYHOV
H[SHULHQFHGE\WKHSDWLHQW
3UHYLRXV ZRUN E\ WKH DXWKRUV SUHVHQWHG D FODVV RI
XOWUDVRQLFERQHELRSV\QHHGOHFDSDEOHRI UHFRYHULQJDKLJK
TXDOLW\ELRSV\VDPSOHZLWKYHU\OLWWOHIRUFHMXVWVXIILFLHQWWR
SK\VLFDOO\ FRXSOH WKH ERQH DQG QHHGOH DQG PDNH IRUZDUG
SURJUHVV>@>@7KHFXUUHQWFKDOOHQJHLVWRLPSURYHWKHUDWH
RISURJUHVVWKURXJKWKHFRUWLFDOERQHVLPSOLI\WKHSURFHGXUH
DQG UHGXFHGDPDJHDW WKHKROH VXUIDFH7KLVZRUNSURSRVHV
H[FLWLQJDFRPSRVLWHORQJLWXGLQDOWRUVLRQDO/7YLEUDWLRQRI
WKH QHHGOH WR DLG GHEULV UHPRYDO DQG DYRLG WKH QHHGOH WLS
LPSULQWLQJDQGKHQFHVWDOOLQJLQWKHERQH
/7 FRPSRVLWH YLEUDWLRQ KDV EHHQ DSSOLHG DFURVV
QXPHURXV XOWUDVRQLF DSSOLFDWLRQV LQFOXGLQJ GULOOLQJ DQG
ZHOGLQJ >@ >@ 6HYHUDO GLIIHUHQW WHFKQLTXHV KDYH EHHQ
H[DPLQHG WR JHQHUDWH D FRPSRVLWHPRGH RI YLEUDWLRQ7KH\
FDQ EH JHQHUDOLVHG LQWR WZR FDWHJRULHV DFKLHYHG E\
LQFRUSRUDWLQJWDQJHQWLDOO\SRODULVHGSLH]RHOHFWULFFHUDPLFVRU
E\FRQYHUWLQJORQJLWXGLQDOYLEUDWLRQLQWRWRUVLRQDOYLEUDWLRQ
7KH GHVLJQ WKHRU\ EHKLQG LQWHJUDWLQJ WDQJHQWLDOO\ SROHG
SLH]RFHUDPLFLVZHOOHVWDEOLVKHG>@>@+LJKWRUVLRQDOLW\LV
DFKLHYHGE\GHVLJQLQJWKHZDYHJXLGHVRWKDWWKHORQJLWXGLQDO
DQG WRUVLRQDO PRGHV ODQG RQ WKH VDPH IUHTXHQF\ 7KH
WHFKQLTXHLVFRPSOH[LQWHUPVRIWKHPHFKDQLFDOGHVLJQDQG
HOHFWULFDO H[FLWDWLRQ >@ ,W LV DOVR GLIILFXOW WR PDLQWDLQ
UHVRQDQFHRIERWKPRGHVZKHQGULYLQJXQGHUFKDQJLQJORDG
FRQGLWLRQV 'XH WR WKLV WKH SUHIHUUHG WHFKQLTXH IRU WKLV
DSSOLFDWLRQZLOOEHWKHFRQYHUVLRQRIVRPHRIWKHORQJLWXGLQDO
YLEUDWLRQ LQWR WRUVLRQDOYLEUDWLRQ7KH ORQJLWXGLQDOYLEUDWLRQ
JHQHUDWHG E\ DQ D[LDOO\ SROHG SLH]RFHUDPLF VWDFN LV
GHJHQHUDWHG LQWR /7 YLEUDWLRQ WKURXJK JHRPHWULF
PRGLILFDWLRQVWRWKHZDYHJXLGH>@
,QWURGXFLQJ WRUVLRQDO PRWLRQ DW WKH WLS RI VXUJLFDO
GLVVHFWLRQLQVWUXPHQWVKDVEHHQUHSRUWHGSUHYLRXVO\VKRZLQJ
WR EH D VXSHULRU YLEUDWRU\ PRWLRQ IRU WKH WLS ZKHQ FXWWLQJ
WLVVXHV>@7KLVFXUUHQWVWXG\H[DPLQHVWKHSRWHQWLDORI
/7PRWLRQ IRU LPSURYHG ERQH SHQHWUDWLRQ LQ DQ XOWUDVRQLF
ERQHELRSV\QHHGOH7ZRXOWUDVRQLFQHHGOHVDUHUHDOLVHGZKLFK
DUH WXQHG WRYLEUDWH LQ UHVRQDQFH WRSHQHWUDWHFRUWLFDOERQH
7KH ILUVW GHYLFH LV DQD[LDOO\ YLEUDWLQJ /DQJHYLQ WUDQVGXFHU
DQGQHHGOHFRQILJXUDWLRQDQGWKHVHFRQGLVDYDULDWLRQRIWKH
ILUVW QHHGOH DOWHUHG WR WUDQVIRUP D SRUWLRQ WKH ORQJLWXGLQDO
PRWLRQLQWRWRUVLRQDOPRWLRQ
,, 0(7+2'
$ 'HYLFH'HVLJQDQG([SHULPHQWDO9DOLGDWLRQ
$V SUHYLRXVO\ GHVFULEHG E\ WKH DXWKRUV >@ WKH WXQHG
XOWUDVRQLF QHHGOH GHYLFH ZDV GHVLJQHG XVLQJ $EDTXV ILQLWH
HOHPHQW DQDO\VLV )($ 'DVVDXOW 6\VWHPHV 6LPXOLD 7KH
GHYLFH LV D IXOOZDYHOHQJWK RI WKH ORQJLWXGLQDO PRGH
FRQVLVWLQJRIDKDOIZDYHOHQJWK/DQJHYLQWUDQVGXFHUDQGKDOI
ZDYHOHQJWK QHHGOH LQVHUW 7KH /7 QHHGOH GHYLFH ZDV
VLPLODUO\ GHVLJQHG LQ $EDTXV )($ )RU ERWK GHYLFHV WKH
JHRPHWU\ RI WKH QHHGOH ZDV VHOHFWHG WR PD[LPLVH WKH
IUHTXHQF\VSDFLQJEHWZHHQWKHRSHUDWLRQDOPRGHRIYLEUDWLRQ
DQG VXUURXQGLQJ SDUDVLWLF PRGHV RI YLEUDWLRQ 2QFH
IDEULFDWHG H[SHULPHQWDO PRGDO DQDO\VLV (0$ ZDV
SHUIRUPHG WRYDOLGDWH WKHPRGDOSDUDPHWHUVSUHGLFWHGXVLQJ
)($ 7KH GLVSODFHPHQW DPSOLWXGHV RI D[LDO DQG WDQJHQWLDO
YLEUDWLRQZHUHWKHQPHDVXUHGDWWKHRSHUDWLRQDOIUHTXHQF\IRU
D UDQJH RI H[FLWDWLRQ OHYHOV XVLQJ D ' ODVHU 'RSSOHU
YLEURPHWHU3RO\WHF&/9'
% 3HQHWUDWLRQ7HVWV
3HQHWUDWLRQWHVWVZHUHFDUULHGRXWWRFRPSDUHWKH/7PRGH
QHHGOHZLWKWKH/PRGHQHHGOH7KHWLPHWDNHQWRSHQHWUDWH
PPLQWRDERQHPLPLFPDWHULDO6DZERQHZDVUHFRUGHGDQG
WKHSHQHWUDWLRQVLWHZDVWKHQDQDO\VHGIRUGDPDJH$ELRSV\
ZDVWKHQSHUIRUPHGRQIUHVKRYLQHIHPXUDQGWKHSHQHWUDWLRQ
VLWHZDVVFUXWLQLVHGIRUGDPDJH
,,,'(6,*1
$ /RQJLWXGLQDO0RGH1HHGOH
7KHXOWUDVRQLFERQHELRSV\QHHGOHLVGULYHQE\D/DQJHYLQ
WUDQVGXFHU ZLWK WZR 3=7 &HUDPWHF SLH]RFHUDPLF ULQJV
WZRFRSSHUHOHFWURGHVDQGWZR7L$O9HQGPDVVHV7KLVKDOI
ZDYHOHQJWKWUDQVGXFHULVKHOGLQFRPSUHVVLRQE\DQ$VWHHO
EROW$KROORZ7L$O9QHHGOHLVFRQQHFWHGWRWKHWUDQVGXFHU
YLDDQ0WKUHDGHGVWXGUHDOLVLQJDIXOOZDYHOHQJWKGHYLFH
7KHQHHGOHGHYLFHLVWXQHGWRWKHVHFRQGORQJLWXGLQDOPRGH
/DWN+]ZLWKWKHFORVHVWQHLJKERXULQJPRGHVEHLQJ
WKHWKLUGWRUVLRQDOPRGH7DWN+]DQIUHTXHQF\
VSDFLQJ DQG WKH HLJKWKEHQGLQJPRGH%DW   N+] D
IUHTXHQF\VSDFLQJ
% /RQJLWXGLQDO7RUVLRQDO0RGH1HHGOH
$GRSWLQJWKHPHWKRGRORJ\RI$O%XGDLULHWDO>@DPRGH
GHJHQHUDWLRQ FRQILJXUDWLRQ LV GHVLJQHG ZKLFK FRQYHUWV WKH
D[LDOYLEUDWLRQRIWKH/PRGHLQWRDFRPELQHG/7YLEUDWLRQ
7KHFRQYHUVLRQ LVDFKLHYHGE\ LQWURGXFLQJKHOLFDOVORWV LQWR
WKHFRQLFDO VHFWLRQVRI WKH IURQWPDVVDQGQHHGOH)($ZDV
XVHGWRRSWLPLVHWKHGHSWKDQGSLWFKRITXDUWHUFLUFOHKHOLFDO
FXWV)RUDPPFXWZKLFKUHSUHVHQWVDPPFXWDORQJWKH
D[LVRI WKH IURQWPDVVDV VKRZQ)LJ WKH WZLVWDQJOHZDV
YDULHGEHWZHHQDQG7KHIUHTXHQF\RIWKH/7PRGH
RIYLEUDWLRQDQGVXUURXQGLQJPRGHVLVH[WUDFWHGDVZHOODVWKH
WRUVLRQDOLW\ RI WKH /7 PRGH UHSUHVHQWLQJ WDQJHQWLDO
GLVSODFHPHQWDVDSHUFHQWDJHRIWKHD[LDOGLVSODFHPHQW7KH
UHVXOWV VKRZQ LQ )LJ D VXJJHVW WKDW DV WKH WZLVW DQJOH
LQFUHDVHVWKHIUHTXHQF\RIWKH/7DQGVXUURXQGLQJEHQGLQJ
PRGHV % DQG% GHFUHDVHZKLOH WKH WRUVLRQDOPRGH7
IUHTXHQF\GRHVQRWFKDQJH7KHWRUVLRQDOLW\LVJUHDWHVWLQWKH
   UDQJH RI KHOLFDO FXWV UHDFKLQJ  7KH 
KHOLFDOFXWSURYLGHGWKHPD[LPXPIUHTXHQF\VSDFLQJDURXQG
WKHWXQHG/7PRGH7KHQHLJKERXULQJPRGHV7DQG%DUH
IUHTXHQF\ VHSDUDWHG E\  DQG  UHVSHFWLYHO\ 7KH
KHOL[FXWZDVWKHUHIRUHFKRVHQIRUWKHIURQWPDVVDQGWKHQ
H[WUXGHGDURXQGWKHQHHGOHWRIXUWKHULQFUHDVHWRUVLRQDOLW\
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)LJ+HOLFDOFXWDURXQGWKHFRQLFDOSURILOH
7KUHH GHSWKV RI FXWV  PP  PP DQG  PP
UHSUHVHQWLQJFXWVDORQJWKHOHQJWKRIWKHQHHGOHRIPP
PPPPZHUHLQYHVWLJDWHG7RPD[LPLVHWKHWUDQVPLVVLRQ
RI WKH WRUVLRQDO ZDYH WKH SLWFK RI WKH QHHGOH VHFWLRQ LV
FRQILJXUHGWRPDWFKWKDWRIWKHIURQWPDVV7KHUHVXOWVLQ)LJ
E VKRZ WKDW WKH WRUVLRQDOLW\ LQFUHDVHVDV WKHGHSWKRIFXW
LQFUHDVHV)RUWKHGHHSHVWSRVVLEOHFXWRIPPWKH/7PRGH
ZDVSUHGLFWHGDVN+]7DQG%UHPDLQHGWKHFORVHVW
QHLJKERXULQJPRGHVZLWKIUHTXHQF\VHSDUDWLRQVRIDQG
UHVSHFWLYHO\:LWKJRRGIUHTXHQF\VSDFLQJDURXQGWKH
GHVLUHG PRGH RI YLEUDWLRQ DQG D WRUVLRQDOLW\ RI  WKLV
GHVLJQZLWKDPPGHSWKRIFXWZDVFKRVHQIRUPDQXIDFWXUH
RIWKH/7XOWUDVRQLFQHHGOH
,95(68/76
$ ([SHULPHQWDO0RGDO$QDO\VLV9DOLGDWLRQRI)($
2QFHFRQVWUXFWHG(0$ZDVSHUIRUPHG WRYDOLGDWHHDFK
GHVLJQ)LJVKRZVWKHLQLWLDO&$'PRGHOVIRUWKH/PRGH
DQG/7PRGHQHHGOHGHYLFHV7KH)($PRGHOVDUHLOOXVWUDWHG
E\ WKH SUHGLFWHG PRGHV RI RSHUDWLRQ IRU WKH WZR QHHGOH
GHYLFHV 7KH (0$ PHDVXUHG PRGHV DUH VKRZQ ZLWK
GLVSODFHPHQWPHDVXUHPHQWGDWDH[WUDFWHGIURPWKHPHDVXUHG
IUHTXHQF\UHVSRQVHIXQFWLRQVVXSHULPSRVHGRQDZLUHIUDPH
PHDVXUHPHQWJULGUHSUHVHQWDWLRQRIWKHGHYLFHV7KH/PRGH
QHHGOHGHYLFHRSHUDWHVLQUHVRQDQFHDWN+]ZLWKWKH7
DQG % PRGHV PHDVXUHG DW   N+] DQG   N+]
UHVSHFWLYHO\7KH/7PRGHGHYLFHZDVUHVRQDQWDWN+]
,Q WKLV FDVH WKH SUHGLFWHG % DQG 7 PRGHV FRXOG QRW EH
LGHQWLILHGDVSHDNVLQWKHIUHTXHQF\UHVSRQVHDVWKH/7PRGH
GRPLQDWHGWKHUHVSRQVH
$ VWURQJ FRUUHODWLRQ EHWZHHQ WKH )($ SUHGLFWLRQV DQG
(0$ UHVXOWVZDV IRXQG IRU DOO WKHPRGH VKDSHVDQGPRGDO

)LJ0RGHVRIYLEUDWLRQDQGWRUVLRQDOLW\IRUDPPKHOL[VORWVLQIURQWPDVVDQGEGLIIHUHQWQHHGOHVORWFXWGHSWKV
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IUHTXHQFLHV WKDW FRXOG EH LGHQWLILHG IURP WKH PHDVXUHG
IUHTXHQF\UHVSRQVHVSHFWUD
% 'ULYLQJWKH1HHGOHDW+LJK([FLWDWLRQ/HYHO
7KH WDQJHQWLDO DQG ORQJLWXGLQDO FRPSRQHQWV RI WKH
GLVSODFHPHQW RI WKH WLS RI WKH WZR XOWUDVRQLF QHHGOHV ZHUH
PHDVXUHG XVLQJ WKH ' ODVHU YLEURPHWHU 7KH XOWUDVRQLF
GHYLFHV ZHUH GULYHQ XQGHU QRORDG FRQGLWLRQV LQ DLU 7KH
WUDQVGXFHUZDVH[FLWHGXVLQJDGHGLFDWHGODEEDVHGUHVRQDQFH
GULYLQJ DQG WUDFNLQJ V\VWHP FRQWUROOHG LQ /DE9,(: DQG
VSHFLILFDOO\ FUHDWHG IRU WHVWLQJ KLJK SRZHU ORZIUHTXHQF\
XOWUDVRQLFWUDQVGXFHUV
)LJVKRZVWKHGLVSODFHPHQWDPSOLWXGHDWWKHQHHGOHWLS
DFURVVDUDQJHRIH[FLWDWLRQOHYHOVRIWKHWUDQVGXFHUXSWR
9SS7KH ORQJLWXGLQDOGLVSODFHPHQWRI WKH/7PRGHQHHGOH
FORVHO\PDWFKHGWKDWRIWKH/PRGHQHHGOHGHPRQVWUDWLQJWKDW
ORQJLWXGLQDO GLVSODFHPHQW LV QRW ORVW E\ FUHDWLQJ DQ /7
GHYLFH ZKLOH JDLQLQJ DGGLWLRQDO WRUVLRQDO UHVSRQVH )RU
H[DPSOH IRU DQ LQSXW YROWDJH RI  9SS WKH ORQJLWXGLQDO
GLVSODFHPHQWPHDVXUHGIRUERWKQHHGOHVZDVPZKLOHD
WDQJHQWLDOGLVSODFHPHQWRIPZDVDGGLWLRQDOO\SURGXFHGE\
WKH /7 QHHGOH 2YHU WKH UDQJH RI H[FLWDWLRQ OHYHOV WKH
DYHUDJH WRUVLRQDOLW\ZDV  FRQVLGHUDEO\ KLJKHU WKDQ WKH
)($HVWLPDWLRQ
)LJ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3HQHWUDWLRQ WHVWV ZHUH FDUULHG RXW WR FRPSDUH WKH
SHUIRUPDQFH RI WKH / PRGH DQG /7 PRGH ELRSV\ QHHGOH
GHYLFHV ,QLWLDOO\ WKHGHYLFHVZHUHGULYHQE\ WKHUHVRQDQFH
WUDFNLQJ V\VWHP IRU SHQHWUDWLRQ WHVWV LQWR WKH ERQH PLPLF
PDWHULDO6DZERQHVDSRO\XUHWKDQHIRDPZKLFKRIIHUVVLPLODU
PHFKDQLFDO SURSHUWLHV WR WUDEHFXODU ERQH 7KH /7 GHYLFH
SHQHWUDWHGPPLQVZKLOHWKH/GHYLFHSHQHWUDWHGPP
LQV7KH/GHYLFHVWDOOHGLQWKH6DZERQHVDPSOHXQOHVV
WKHXVHUDGGHGDVORZEDFNZDUGDQGIRUZDUGURWDWLRQRIWKH
GHYLFH ,QWKLVFDVHLWZDVSRVVLEOHWR IXOO\EUHDFKWKHEDFN
ZDOO RI WKH VDPSOH 6RPH FKDUULQJ DURXQG WKH KROH DQG
GDPDJHRQWKHUHDUSHQHWUDWLQJZDOORIWKHVDPSOHFRXOGEH
VHHQDVVKRZQLQ)LJD7KH/7PRGHQHHGOHSHQHWUDWHG
ZLWKRXW VWDOOLQJ DQGZLWK QR UHTXLUHPHQW IRU DQ DGGLWLRQDO
URWDWLRQ PRWLRQ 7KH SHQHWUDWLRQ VLWH ZDV FLUFXODU ZLWK
FRQVLGHUDEO\OHVVPLFURGDPDJHDVFDQEHVHHQLQWKHILJXUH
)LJEVKRZVWKHH[SHULPHQWDOVHWXSIRUSHQHWUDWLQJ
LQWR WKH GLDSK\VLV RI DQ RYLQH IHPXU ,Q WKHVH WHVWV ERWK
QHHGOHGHYLFHVSHQHWUDWHGLQWRWKHKDUGFRUWLFDOERQHDQG)LJ
FVKRZVWKHUHVXOWLQJSHQHWUDWLRQVLWHV&RQVLVWHQWZLWKWKH
6DZERQHWHVWVWKH/7PRGHGHYLFHFUHDWHGDPRUHFLUFXODU
KROHZKLOHWKH/PRGHGHYLFHUHVXOWHGLQDZLGHUDQGPRUH
LUUHJXODUO\ VKDSHGKROH7KH/7PRGHGHYLFH UHWULHYHG DQ
LQWDFWFRUHVDPSOHRIERQHDVVKRZQLQ)LJF
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SUHVHQWHG7KHPHDVXUHGGLVSODFHPHQWRIHDFKGHYLFHXQGHU
QRORDGFRQGLWLRQVVKRZHGWKDWDKLJKGHJUHHRIWRUVLRQDOLW\
FRXOG EH REWDLQHG IRU DQ /7PRGH GHYLFHZLWKRXW ORVV RI
ORQJLWXGLQDO GLVSODFHPHQW 3HQHWUDWLRQ WHVWV WKURXJK WKH
WUDEHFXODU ERQHPLPLFPDWHULDO6DZERQHVDQG LQWRFRUWLFDO
RYLQHIHPXUERQHVKRZHGWKDWDQDGGLWLRQDOVORZURWDWLRQDO
PRYHPHQWRIWKH/PRGHQHHGOHE\WKHRSHUDWRUZDVUHTXLUHG
WR SUHYHQW LPSULQWLQJ DQG VWDOOLQJ 7KH LQWURGXFWLRQ RI
WRUVLRQDOPRWLRQLQWKH/7QHHGOHPHDQWWKDWQRDGGLWLRQDO
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